Abstract. In this work, BaTiO 3 nanoparticles were synthesized through hydrothermal method. The powder obtained from the hydrothermal process (as-synthesized powder) was calcined at 1000 °C. The phase formation and morphology of the as-synthesized and calcined powders were studied using X-ray diffraction (XRD), thermogravimetric (TGA) and differential scanning calorimetry (DSC) analyzer, and transmission electron microscope (TEM). The XRD data showed that the assynthesized powder is partially amorphous. Upon calcining the powder at 1000 °C, highly crystalline BaTiO 3 with tetragonal structure was obtained. As shown by TGA and DSC analysis, the precursor powder was completely transformed into BaTiO 3 at 1000 °C. The presence of BaCO 3 as an impurity phase in the powder is due to the lack of Ba 2+ / Ti 3+/4+ . Transmission electron microscope images showed that the particle size of the as-synthesized powder increased after calcination due to crystal growth. In addition, nanocubes with the average size of around 11.66 nm were obtained as a result of the calcination compared to the ellipsoid like particles of the assynthesized powder.
Introduction
Barium titanate (BaTiO 3 ) is a well-known compound which possesses perovskite structure. It has been demonstrated that its physical properties depends very much on the shape and size of the crystal in addition to the surface chemistry and crystallinity of the material [1] . BaTiO 3 is also a lead-free material exhibiting both ferroelectric and piezoelectric properties. To date, extensive work has been done in order to realize this material for a wide range of applications such as multilayer capacitor, memory cells, infrared detectors and piezoelectric devices [2] [3] [4] .
To synthesize nano-sized materials, hydrothermal method has been proven to be promising due to its simplicity, low cost production and high yield. During the process, chemical reaction could take place in a mild condition and the likelihood of particle agglomeration can be reduced. Through this method, synthesis of BaTiO 3 can be done in a relatively lower temperature [5, 6] . On the other hand, solid state reaction requires sintering or calcination at temperature as high as 1200 °C [7] . Other methods which have been employed to synthesize BaTiO 3 are oxalate route [8] , ball milling [9] and sol-gel processing [10] .
In this work, BaTiO 3 nanoparticles were synthesized using hydrothermal method. The assynthesized powder was calcined at 1000 C for 4 hours only compared to 8 to 12 hours as reported elsewhere [11] . The phase formation and morphology of the particles were studied and discussed.
Experimental
To begin with the process of hydrothermal synthesis, titanium dihydroxide (TALH) and bis(ammonium lactate) were added into Ba(OH) 2 , NaOH and H 2 O aqueous solution with the Ba/Ti ratio of 1.0. Then, 5 M of NaOH was used to control the pH value of the solution. This was followed by adding oleic acid and tert-butylamine (ratio 1:8:8) into the solution. The mixed solution was stirred for 2 hours in room temperature and loaded into a 119 ml autoclave for heating at 200 °C in an oven for 72 hours. After the heat treatment, the obtained precipitate was cooled to room temperature and washed with ethanol for three times in order to get rid of impurities. Then, the precipitate was left to dry into powder form in an oven at 60 °C for 24 hours. Subsequently, the powder was ground using a mortar and pestle before calcination at 1000 °C for 4 hours in air using a furnace with the heating and cooling rates of 3.23 °C/ min. Phase identification of the obtained powders was carried out by X-ray diffraction (XRD) method using the X-ray diffractometer PW 300/60 MPD X'Pert Pro Panalytical. The scanning was done in the range of 2: 20.0237 -79.9517 with the step size of 0.0330. The thermal behavior of the powders was examined by thermogravimetric analyzer (TGA/ SPTA 851, Mettler Toledo) and differential scanning calorimeter (DSC 882, Mettler Toledo) at the heating rate of 10 °C min -1 in argon gas flow. The morphology of the powders was investigated using transmission electron microscope (TEM) Fig.1 shows the XRD patterns of the samples. The as-synthesized powder was not well crystallined as indicated by the presence of some broad peaks. However, the powder which was calcined at 1000 ° C shows high crystallinity with (110) preferential orientation. This powder was indexed to BaTiO 3 with tetragonal crystal structure (JCPDF 98-008-0553). The presence of BaCO 3 (JCPDF 98-000-5969) was also detected in the powder by XRD. Fig. 1 XRD patterns of the as-synthesized and calcined powders. Fig. 2 shows the thermogravimetric analysis (TGA) of the as-synthesized powder. The analysis was done in order to investigate the thermal behavior of the sample. As shown in Fig. 2 As shown in Fig. 3 , endothermic peaks at 117 °C, 255.50 °C and 328.52 °C can be observed. The BaTiO 3 phase was formed as a result of the reaction between BaCO 3 and TiO 2 [13] . The endothermic peak at 117.09 °C in the DSC scan is due to the evaporation of the solvent [14] . The endothermic peak from 255.50 °C to 328.52 °C is a result of decomposition of organic compounds and crystallization. The loss of the sample mass at around 739.73 °C corresponds to the decomposition of the residual organic components or formation of some carbonate compounds during the heating process [15] . In fact, decomposition of BaCO 3 was also occurred at that temperature. The board exothermic peak at around 882.13 °C is due to the formation of BaTiO 3 . The morphology of the powders were further characterized by TEM. The TEM images are shown in Fig.4 (a) and Fig.4 (b) . Fig.4 (a) shows a typical particle with the size of around 3.28 nm for the as-synthesized powder. As shown in Fig. 4 (b) , the particle size increases to 11.66 nm after calcination at 1000 °C for 4 hours, probably due to crystal growth, consistent with the previous finding [16] . In addition, the shape of the particle changed from ellipsoid like to cube after the calcination. It has been reported that oleic acid is a versatile surfactant which ultimately controls the shape of nanoparticles and improve the dispersion of them in nonpolar solvent [17, 18] . The presence of hydrophobic forces between the oleic acid molecules around the adjacent BaTiO 3 can give rise to the self-assembly process of these nanocubes [19] . Moreover, the addition of tertbutylamine will lead to the attack of one carboxyl group of oleic acid via sharing of a lone pair of electron of the donor NH 2 group with the electrophilic carboxyl center [20, 21] . Therefore, the molar ratio of oleic acid to tert-butylamine is a crucial factor in influencing the role of oleic acid which in turn controls the morphology of nanoparticles [19] .
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Solid State Science and Technology XXIX Fig. 4 TEM images showing the typical shape of a particle from the (a) as-synthesized powder and (b) powder obtained after calcination at 1000 °C for 4 hours.
Summary
In this work, BaTiO 3 nanoparticles were synthesized by using hydrothermal method. The assynthesized powder showed some amorphous feature as indicated by the XRD data. Highly crystalline BaTiO 3 was obtained by calcining the powder at 1000 C. TEM images showed that particle size increases to 11.66 nm after calcination compared to 3.28 nm for the as-synthesized powder probably indicating crystal growth. The shape of the particles for the as-synthesized powder changed from ellipsoid like to cube upon the calcination. The molar ratio of oleic acid and tertbutylamine is one of the significant factors that influences the morphology and ordered aggregates of the obtained BaTiO 3 nanocubes.
